Objective: This article reviews evidence relating social environment characteristics to patterns of neuroendocrine regulation. To date, although there has been considerable interest in the effects of social ties and support on health and longevity, less attention has been given to the effects of such social environment characteristics on actual physiologic parameters.
INTRODUCTION
Over the past decade, there has been a growing body of research documenting an association between the extent and quality of an individual's social relationships and better health and longevity (1) (2) (3) . Although the evidence linking social isolation or lack of social support to increased risks for morbidity and mortality continues to grow rapidly, important questions remain concerning the precise mechanisms or pathways by which such social circumstances influence health outcomes. Various hypotheses have been offered (and supporting data found) for mediating pathways through social network influences on attitudes and behaviors that are known to impact on health and longevity, with evidence for associations with more healthful life-styles and more successful risk reduction efforts such as reducing dietary fat, exercising, and smoking cessation (4) (5) (6) (7) (8) (9) (10) . Social ties and support, however, have also been found to remain significant predictors of morbidity and mortality in their own right, independent of any associations with other risk factors (1, 3, 8, (11) (12) (13) . One area that has not received a full exploration is the hypothesis that there are more direct "biological" effects of social ties on human physiology that may contribute to the observed associations between such ties and differential morbidity and mortality risks (14) (15) (16) (17) (18) . In this article, we examine evidence for the hypothesized links between characteristics of the social environment and the physiologic, regulatory processes that are crucial to health and longevity.
More specifically, we review evidence relating social environment characteristics (eg, presence of social ties and/or social support characteristics) to patterns of neuroendocrine regulation and activity. Neuroendocrine activity is examined primarily in terms of hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous system (SNS) activity, although data on cardiovascular reactivity, a more indirect indicator of neuroendocrine activity, are also examined. The decision to focus on these two neuroendocrine systems stems from their central roles in the ongoing, homeostatic regulatory processes of the body in the face of changing environmental stimuli (18) (19) (20) and their known links to pathophysiologic processes such as elevated blood pressure, serum cholesterol, and diabetes (20-30). As the individual interacts with the environment, the various stimuli that the individual encounters can serve as challenges or "stressors," which elicit responses from the HPA axis and SNS, which in turn affect other internal regulatory systems. Along with the HPA axis, the SNS is mobilized in response to challenge and serves a critical role in providing the body with the physiologic substrate needed for what have been termed "fight or flight" responses. However, as discussed below, excessive activation has been hypothesized to increase risks for a number of important pathophysiologic processes, including hypertension arid cardiovascular disease (18, 20, 22, 27) . To date, the strongest evidence indicates links between SNS and cardiovascular reactivity and subsequent risk of hypertension (31, 32) and incidence and prognosis with respect to cardiovascular disease in both animal (33, 34) and human (22, 35) populations.
NEUROENDOCRINE REGULATION AS A MEDIATING PATHWAY BETWEEN THE SOCIAL ENVIRONMENT AND HEALTH
Neuroendocrine regulation is a central facet of human physiological competence at any age and has been hypothesized to represent a critical pathway for the influence of "extrinsic" factors on patterns of health and aging (14, 15, (18) (19) (20) . The idea that differences in neuroendocrine reactivity might influence patterns of health and aging in general is consistent with earlier research on the possible contributions of differential reactivity to risks for hypertension or cardiovascular disease (18, 21, 22) . From the more general perspective, the focus is not so much on a specific disease outcome but rather on the possibility that neuroendocrine reactivity might be more generally related to increased risks for disease and disability. The term allostatic load has been used to describe this postulated link between neuroendocrine activity and health risks. As defined in McEwen and Stellar (20) allostatic load refers to the "cumulative strain on the body produced by repeated ups and downs of physiologic response, as well as by the elevated activity of physiologic systems under challenge. . ." (20, p. 2094), with this physiologic activity being precipitated largely by our interactions with the world around us. Differences in cumulative allostatic loads are thought to contribute to differential risks for various pathophysiologic outcomes through the toll exacted by repeated and perhaps more prolonged bouts of increased physiologic activation.
The problem is essentially one of balance. Whereas human survival depends on the ability to adapt physiologically to changing circumstances, including increasing levels of activity of various physiologic regulatory systems as needed, such increased activity carries with it both benefits and costs. With excessive or prolonged elevations in activity, the costs can begin to mount. In this respect, both the HPA axis and SNS would be expected to figure prominently in the accumulation of allostatic load as these two systems not only play central roles in mediating physiologic responses to nearly all types of stimuli, but also have far-reaching impacts on activity in nearly all of the body's regulatory systems.
Activation of these central regulatory systems is designed to mobilize energy stores and cardiovascular tone to facilitate cognitive and physical adaptation, which are crucial to survival. However, although activation of the HPA and SNS systems-with their accompanying elevations in glucocorticoids and associated increased serum glucose and lipids, immunosuppression, and increased cardiovascular tone-is beneficial (and indeed frequently essential) in the short-term, such increased activation has also been linked to increased risks for many pathologies such as cardiovascular disease, diabetes, hyperlipidemia, hypertension, and cancer (19-29, 31, 32, 35, 36), as well as reduced immune function (30) if activation is excessive or prolonged. The hypothesis that social (and other individual difference) characteristics may play a role in modulating patterns of neuroendocrine response to challenge is consistent with the fact that neither the HPA axis nor the SNS operates in a vacuum; both are responsive to external stimuli through the cognitions and interpretations we make about the stimuli (18). Indeed, the idea that social factors play a role in human physiology has its roots in several research traditions, including most notably work by Alexander (37), Weiner (see 38 for review) and others in psychophysiology and psychosomatic medicine, as well as sociological and social-psychological research on social ties, stress, and coping (2, (39) (40) (41) (42) . However, the idea that social relationships influence physiology is also congruent with a broader, evolutionary perspective of human physiology and its susceptibility to modulation by external social factors (43) (44) (45) (46) . The basic premise is that, like other social animals, human physiologic homeostasis and ultimate health status are influenced not only by the physical environment but also by the social environment (14-16, 38, 45, 47) .
Social integration (in terms of both numbers of social ties as well as relative position within a social order) as well as more qualitative aspects of these relationships such as the support they may provide (or the demands/conflict they may create) are among the factors that have been singled out as potentially important to individual differences in physiologic reactivity (16, (47) (48) (49) (50) (51) (52) (53) (54) (55) . The centrality of such social factors to patterns of health and aging has been hypothesized to result from their association with a basic, instinctually determined pattern of behavior, namely social bonding (21, 45). Social bonds are thought to modulate neuroendocrine reactivity through their influence on cognitive-emotional interpretations of stimuli, which then influence neuroendocrine responses via neocortical and limbic centers (14-16, 18, 56) . Information regarding the external social (and nonsocial) environment is processed first by the sensory systems of the neocortex and fed via the temporal lobe (especially the entorhinal cortex) to the amygdala and hippocampus which, in turn, signal the hypothalamic-pituitaryadrenal axis and the noradrenergic and serotonergic systems (14) (15) (57) (58) . This processing of information ultimately results in the emotional and behavioral responses to environmental stimuli (58) (59) , including emotional responses such as fear or anxiety, with their attendant patterns of more general body-wide neuroendocrine arousal (57, (59) (60) . Although factors such as genetics and prior experience influence the brain's processing of stimuli, our focus here is on the impact of the social environment. To the extent that social cues influence the processing and ultimate "interpretation" of other incoming data regarding the external (or internal) environment, the social environment is hypothesized to influence the relative frequency with which the brain's processing of information results in emotional states such as fear or anxiety and their associated profiles of neuroendocrine arousal.
In particular, brain regions such as the amygdala and hippocampus may represent key, reciprocally interconnected "transit stations" that process incoming environmental stimuli and integrate neuroendocrine responses (61, 62) . The amygdala (and its related structures) are key to the learning of emotional responses such as fear and anxiety and the anticipation of negative events (59, 61, 63) , responses that, as indicated earlier, the social environment is hypothesized to modulate. The hippocampus, with its links to the HPA axis, is also importantly involved in determining the context under which emotional responses may be displayed (57, 60) . Among other things, the hippocampus is involved in discriminating the situations in which emotional responses are warranted or not warranted on the basis of past experience (64) . For example, it has been found that, among baboons, success is not so much a matter of dominant status or brute force but of the subtle appreciation and use of situations to maintain dominant status (55, 65) . It seems very likely that the hippocampus is an important part of the neural system for this task.
Social integration within a nurturant, supportive milieux, has been hypothesized to increase inhibitory signals to the HPA axis so that the threshold for HPA activation is increased (15) (16) . Such effects would reduce the ability of "challenging" stimuli to elicit a full stress response from the HPA axis. Individual differences in social integration thus could modulate patterns of neuroendocrine response by influencing: 1) cognitive appraisal (eg, fostering interpretations of stimuli as nonstressful and thus decreasing episodes of neuroendocrine arousal), and 2) physiologic responses (eg, when "episodes" of neuroendocrine response do occur, such characteristics may modulate responses toward lower levels of response and/or toward faster recovery and return to "basal," preactivation levels).
The following sections review both the animal and human data for these postulated effects of social environment characteristics on HPA axis and SNS activity and response to challenge. Two major aspects of the social environment are examined, namely its structural and qualitative characteristics. Evidence relating these two aspects of the social environment to physiological processes is somewhat uneven across animal and human studies. The animal literature provides considerably more extensive data on relationships between more structural features of the social environment and neuroendocine function with many studies examining the impact of relative dominant vs. subordinate status within a social hierarchy. By contrast, studies in human populations have focused more heavily on more qualitative aspects of the social environment such as the degree of social support received from others or structural features of individuals' personal network of social ties; the impact of relative social status within the larger society has received relatively little attention to date in studies of human populations. Overall, however, the literature from both animal and human populations provide evidence relating both structural and qualitative aspects of the social environment to neuroendocrine (or related physiologic) processes.
ANIMAL STUDIES
Animal studies of both rodents and nonhuman primates have shown that contact with others of the same species plays a role in successful social, psychological, and physiologic development and in reduced physiological arousal in response to stressors (14, 15, 17, 38, (66) (67) (68) (69) (70) (71) (72) (73) (74) . Interestingly, the animal data also demonstrate the potential for both positive and negative effects of the social environment (17, 54, 71, [75] [76] .
Among male primates, dominant social status in a stable social environment has been associated with physiologic profiles characterized by lower basal ACTH [77) and cortisol (78), higher HDL cholesterol levels (79) , better immune function (55) , and less coronary atherosclerosis (53) . By contrast, dominant social status in an unstable social environment, presumably reflecting greater social stress, has been found to be associated with increased cortisol levels (80) as well as patterns of increased SNS arousal and endothelial injury to coronary arteries (33, 81) and greater coronary atherosclerosis among male monkeys (53, 82) . These studies have also clearly indicated the role of increased SNS arousal in the development of coronary atherosclerosis in such socially unstable environments by showing that administration of propranolol hydrochloride (a beta-receptor blocking agent) can prevent the increased atherosclerosis usually seen in socially dominant males in such environments (33-34).
Studies of female macaques have indicated that, like the males, dominant females enjoy relatively greater protection against coronary atherosclerosis (83) . Unlike the males, however, this protection occurs in both stable and unstable social situations. The authors speculate that this may result from the lower behavioral demands for aggression placed on dominant females as compared with more dominant males in such unstable environments (84) . Similar gender differences were observed in studies of the physiologic impact of dyadic relationships in male and female squirrel monkeys with the females showing reductions in cortisol levels, regardless of relative dominance rank, although only the dominant male in male-male dyads exhibited lowered cortisol activity (85) .
Like social subordination, social isolation seems to impact negatively on central and sympathetic nervous system functioning (86) and HPA axis activity (75) in nonhuman primates and to confer increased risk for atherosclerosis as well (87) . Interestingly, Levine (75) and colleagues have shown that the magnitude of the increase in HPA axis activity associated with social isolation (in the form of maternal deprivation) depends on the characteristics of the broader social environment. The response is greatest if the infant monkey is left completely alone but is attenuated if the infant is left in the presence of other adults (75) .
Social stress, as exemplified by subordinate status and/or social conflict and defeat, has also been associated with shifts in serotonergic and HPA axis regulation and activity toward more negative profiles (ie, decreased serotonergic activation and greater HPA axis activation) and greater response to challenge (21, 54, 88-94) as well as increased hippocampal damage (65) . One recent study by Francis et al. (95) is particularly intriguing because it suggests not only the plasticity of brain structure-and its consequences for patterns of physiologic regulation-but also demonstrates the central role that social status plays with respect to this plasticity. This research focuses on the African cichlid fish, documenting the changes in brain cells in the hypothalamus that occur in response to changes in social status. In defeat, the fish's hypothalamic cells shrink with consequent declines in reproductive hormones and shrinkage of the testes, resulting in a decline in reproductive capacity. By contrast, when a previously subordinate fish achieves a dominant position, a reverse pattern of changes is observed with dramatic growth in hypothalamic cells producing gonadotropin-releasing hormone (GRH). The resulting increase in GRH production stimulates the pituitary to produce hormones that stimulate the fish's testes and increase sperm production. Most importantly, this research has clearly demonstrated the temporal sequencing of these changes, showing that it is the behavioral changes (ie, attainment of dominant status) that lead to the subsequent physiologic changes. Similar data on the effects of changing social rank on HPA axis activity in terms of testosterone levels have also been reported for nonhuman primates (96) .
In addition to the effects of social status, social skills with respect to affiliative behaviors and evaluations of threat from others have also been found to be associated with lower average cortisol (97) and decreased cortisol responses to challenge among wild baboons (98) (99) (100) . Like social dominance (94) , such affiliative social behaviors have also been found to correlate positively with activity in the serotonergic system and with indices of better immune function (101) .
HUMAN STUDIES
A growing body of research in human populations has provided support for the hypothesis that interpersonal relationships influence morbidity (1, 8, 11, (102) (103) and overall mortality (1, 3) as well as case fatality risks (104) (105) (106) (107) . To date, there is only sparse evidence, however, linking interpersonal relationships to actual physiologic parameters such as neuroendocrine regulation and reactivity as an explanatory mechanism for the observed associations between social environmental factors and morbidity and mortality. In contrast to the animal data that focus primarily on more structural aspects of the social environment such as presence of others and social hierarchies, the data from human studies focuses primarily on more qualitative aspects of social relationships. Like nonhuman primates, however, social ordering or hierarchies existing among human populations and are known to be associated with differences in morbidity and mortality risks (108) (109) . These more structural characteristics of the social environment thus seem likely to impact on patterns of neuroendocrine regulation in human populations much as they do in other primates. To our knowledge, with the exception of the two studies discussed below, such features of the social environment have not been subject to thorough investigation with respect to their possible links to patterns of neuroendocrine regulation. There are, however, a small number of studies that have shown evidence for negative associations between relative social status (as indexed by measures of socioeconomic status or social class) and other important physiologic processes that have been linked to pathophysiology, including blood pressure (110) (111) (112) , serum cholesterol, and fibrinogen (110, (112) (113) .
In light of the known inverse gradient of social class differences in morbidity and mortality, future research should examine further possible social class differences in patterns of physiologic regulation, including neuroendocrine regulation. Data from the nonhuman primate studies would suggest that relative social status and other such structural features of the social environment may have important influences on our physiologic regulatory systems and, may indeed represent one of the biological "pathways" linking social class to morbidity and mortality. Such structural characteristics, however, are not the only aspects of the social environment that likely influence internal physiology. Indeed, existing data from both community and laboratorybased studies provide a growing body of evidence showing links between qualitative aspects of our social environments and patterns of neuroendocrine regulation.
Community-based, population studies provide evidence for associations between higher reported levels of support and better physiologic profiles, including lower heart rate and systolic blood pressure (114) (115) (116) (117) (118) , lower serum cholesterol (119-120), uric acid (120-121), and lower urinary norepinephrine (122). More recently, data from the Mac Arthur Study of Successful Aging, a cohort study of relatively high functioning older men and women, were used to compare the effects of structural measures of social ties (eg, network size, marital status) with those of more qualitative measures of social support (eg, levels of emotional and/or instrumental network support) in relation to HPA axis and SNS activity (based on 12-hour overnight measures of urinary cortisol, norepinephrine, and epinephrine) (123). For men, multivariate models adjusting for age, chronic conditions, relative weight, smoking and medications, revealed that higher average and maximal frequency of emotional support had the strongest associations with lower levels of all three neuroendocrine parameters. Less consistent patterns of association were seen for measures of instrumental support and measures of network structure such as network size and marital status. Maximum frequency of instrumental support had significant, negative associations with norepinephrine and cortisol but only a marginal association with epinephrine. The overall number of social relationships was negatively related to only norepinephrine levels. For women, these same measures showed no significant associations, although married women had significantly lower epinephrine levels. This gender difference in the strength of the associations between social support and neuroendocrine activity has also been seen in more laboratory-based research (see below for further discussion).
In contrast to the studies outlined above which focus on individual's social networks and support, Brandtstadter et al. (124) examined cross-sectional associations between social status (as indexed by socioeconomic measures) and HPA axis activity in a community-based study. They found a positive association with higher socioeconomic status (indexed by employment level, occupational status or education) associated with higher morning (8 AM) cortisol levels. Brandtstadter et al. interpret their findings as indicating a link between adrenocortical activity and adaptive coping, with higher SES individuals seen as individuals whose status reflects a level of personal success which is associated with a "readiness to meet, and capability to cope with novel and
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challenging situations" (124, p.183]. An earlier study by Bourne et al. (125) reported similar findings, with higher 24-hour urinary 17-hydroxycorticosteroid excretion in officers as compared with enlisted men in a Special Forces team, encamped in enemy territory. The evidence from these two studies, showing higher HPA axis activity in higher social status individuals under certain circumstances, is intriguing, particularly in view of the more general hypothesis that higher levels of cortisol reflect "stress" and are associated with more negative pathophysiologic outcomes (20) whereas social status is generally found to be associated with more positive health outcomes (108) (109) . Clearly, the question of possible effects of social status represents an important area for additional research.
Negative physiologic consequences of social relationships have also been documented. Individuals who view others with greater hostility and cynicism have been found to excrete greater quantities of cortisol during the daytime (but not the overnight period), suggesting that their greater HPA activity reflects responses to daytime interactions with others in their environment rather than an underlying, independent "trait" characteristic (126). In the MacArthur Successful Aging Study (123), more negative aspects of social relationships (eg, frequency of demands or criticism) were generally not significantly related to endocrine levels, possibly because the measures of endocrine activity reflected overnight urinary excretion rather than daytime activity. The only significant effect was seen among the men, where reports of more frequent demands and/or criticism from others were associated with higher cortisol levels.
Perhaps it is not surprising that studies of immune function have also indicated that social relationships can have both positive and negative impacts on immune function, particularly because there is a growing body of evidence indicating important links between neuroendocrine activity and immune function (127-129). Loss of a spouse, having a spouse with cancer, family caregiving for patients with Alzheimer's, and divorce or poor marital quality have all been shown to have negative associations with immune function, whereas more supportive relationships are associated with better immune function (120, 127-130).
Experimental Data
Data from small experimental studies where aspects of social support are manipulated provide even stronger evidence that social contact or support can attenuate (or exacerbate) physiologic stress responses as indexed by cardiovascular, autonomic, and HPA axis responses. Whereas the communitybased data reviewed in the previous section generally provide information on associations between the social environment and more static measures of physiologic parameters (ie, "snap-shots" based on measurement of physiologic activity at a single point in time), the experimental studies provide a more dynamic picture of how social environment characteristics influence patterns of physiologic response to specific stimuli. Such data more directly address the hypothesized links between social ties and better health-ie, that the beneficial effects of social support derive partially from its association with attenuation of physiologic reactivity.
Several experimental studies have varied the social environment through the presence or absence of a friend or "supportive confederate" while the subject was asked to complete a challenging task. Presence of a friend, for example, has been shown to decrease cardiovascular stress responses to mental arithmetic, concept formation, and mirror-tracing tasks (131-132). Presence of a supportive confederate has also been shown to attenuate systolic and diastolic blood pressure responses of subjects as they anticipated and then give a 6-minute speech (133). Similarly, the presence of at least one supportive confederate was associated with attenuated blood pressure and heart responses during a group discussion of a controversial issue in which two other confederates attacked the subject (134).
Similar effects of social interactions with respect to autonomic activation (as indexed by changes in free fatty acid (FFA) levels and galvanic skin response) have also been reported (51, 135). Back and Bogdonoff (135) tested subjects in groups of four: one group of subjects was asked to bring three friends with them to the testing session, whereas others were individually recruited and grouped together as "strangers." Those grouped with friends exhibited lower FFA levels at baseline than individually recruited subjects grouped with "strangers." Also, in response to a stimulus-matching task, those grouped with "friends" exhibited smaller increases in FFA levels. Similar results were also reported by Kissel (51) : presence of a friend reduced galvanic skin response to a problem-solving task more than did presence of a stranger.
HPA axis activity has also been shown to be responsive to social factors. A recent study by Kirschbaum et al. (136) demonstrated that the presence of a socially supportive companion (either partner or stranger) was associated with attenuated serum cortisol responses during the anticipatory period before a public speaking task. Interestingly, this effect was seen only among the men. Among the women, presence of one's partner was actually associated with a trend toward increased cortisol responses. This apparent gender difference in the ability of a theoretically supportive partner to attenuate endocrine reactivity is quite interesting as the pattern of these effects parallels the findings reported above from our community-based MacArthur Study of Successful Aging Study where significant associations between emotional support and lower endocrine activity were found only among the men (123).
These apparent gender differences are even more intriguing in light of the evidence from some epidemiologic studies suggesting that there may be stronger associations between social ties and lower mortality risks among men (4,137) although others show similar protective effects of social ties for both men and women (13, 138) . Research on men's and women's roles within their social networks and their relative "vulnerability" to more negative social interactions offers some hints as to why women may show weaker "health benefits" from their social ties. This research suggests that women are more often the ones that others turn to for help and that this "caring for others" represents a "cost" of social relationships that is higher for women in terms of increased psychological symptomatology and perceived "stress" (139,140). Also, although both men and women report more supportive than negative social interactions, women have been found to report relatively more negative interactions with nondiscretionary, kin ties (141, 142) . Women also seem to be more emotionally responsive to such negative interactions, showing greater risk for distress and depression (142, 143) . One can speculate that these psychological symptoms may well be accompanied by underlying physiologic "stress" responses such as increased neuroendocrine arousal. Thus, data indicating that women may benefit less than men from social ties and support in terms of reduced neuroendocrine activity and greater longevity may result from a tendency for women to experience more "costs" from their social relationships, with the result that they also reap smaller health benefits from their social connections to others. This is clearly another important area for additional research.
The general question of possible "costs" of social ties in terms of possible associations with increased (rather than decreased) neuroendocrine activation is one that has received considerably less attention than the question of possible benefits from such things as social support. To date, there have been only a small number of laboratory-based studies that have examined the potential for social environment characteristics to elicit negative or "risk-inducing" physiologic profiles of cardiovascular and SNS reactivity as well as immune function. In the study by Back and Bogdonoff (135) outlined above, comparisons of responses among subjects grouped with friends indicated that subjects whose responses disagreed with their friends' exhibited larger increases in FFA levels than those whose responses agreed, suggesting that social ties can either attenuate or exacerbate physiologic activation depending on the content of the interaction. Lepore et al. (133) have also shown that the presence of a nonsupportive confederate is associated with greater blood pressure (BP) reactivity during a speech task as compared with the presence of a supportive confederate or no confederate at all. Gerin et al. (134) found a similar pattern of greater blood pressure response when subjects participated in a discussion where others disagreed with the subject. Interestingly, blood pressure levels were halved if one other person shifted to agreement with the subject. Studies have also examined patterns of physiologic reactivity in married couples when they are asked to discuss a topic of ongoing controversy or disagreement. Higher levels of hostility during such interactions have been found to predict lowered immune function (129) and greater elevation in blood pressure (144) . More generally, interpersonal challenge has been shown to be a potent stimulus for increased SNS and cardiovascular activity (145) (146) (147) (148) (149) (150) (151) (152) .
Whereas the foregoing studies examined adult subjects, data from children also suggest that social isolation in the form of experimentally induced maternal separation is associated with increased heart rates as well as elevations in norepinephrine and cortisol, particularly among children (153, 154) and monkeys (72) , who are characterized by greater "social shyness" (ie, shy or withdrawn behavioral styles in novel environments). Gunnar et al. (155) , in a study of adrenocortical responses to separation, also demonstrated that cortisol responses were attenuated in the presence of a "warm, responsive, and interactive" caregiver, much like the effects of a "supportive confederate" or friend in the aforementioned studies of adults.
CONCLUSION
As summarized in Table 1 , data from both animal and human studies provide considerable evidence that characteristics of the social environment influ- ence neuroendocrine activity and patterns of neuroendocrine response to stimuli. These effects seem to be highly sensitive to various aspects of the social environment such as one's relative status within the environment, the stability of the social orderings and, importantly, the quality of these social relationships. As hypothesized, the presence of supportive social relationships tends to attenuate patterns of HPA and SNS activation. In addition, the converse also seems to be true as nonsupportive social interactions can exacerbate neuroendocrine reactivity. These data are of considerable interest for at least two reasons. First, the data on the effects of supportive relationships provide evidence for the hypothesis that observed associations between social ties and support and better health and longevity result, at least in part, from the positive influence of such social environment characteristics in reducing neuroendocrine reactivity. Second, the data on the effects of nonsupportive or hostile social relationships highlight the importance of taking a broader view of the potential health effects of the social environment, one that encompasses the potential for both positive and negative health effects.
Until recently, research has focused almost exclusively on the positive health effects of social ties and support. There is, however, a small but growing body of evidence indicating that social ties, and even social support, can negatively influence health and functioning (see 48, 49 for reviews). The data reviewed here focus on relationships between the social environment and actual physiologic parameters such as neuroendocrine reactivity and regulation. These data suggest that these negative effects on health and functioning may reflect the capacity of social ties, particularly those that are nonsupportive, to exacerbate rather than attenuate, neuroendocrine reactivity. The potential importance of such effects is suggested by the fact that exposure to the physiologic sequelae of a chronically activated HPA axis and/or SNS (eg, elevations in blood pressure, heart rate, and serum lipids) has been related to increase risks for a variety of pathologies (23-32, 36). Thus, if individuals who experience greater social support enjoy relative protection against excess exposure to such neuroendocrine activation, their reduced exposure to the "wear and tear" of HPA and SNS activation (ie, their smaller "allostatic load") may contribute importantly to their better health and longevity. Additional research is needed to more fully delineate these relationships, including more comprehensive study of links between both structural and qualitative aspects of the social environment and patterns of neuroendocrine regulation and reactivity, as well as additional longitudinal research on links between such physiologic processes and subsequent pathophysiology and morbidity. To date, the best evidence is available linking cardiovascular reactivity to subsequent hypertension (31, 32). Recent animal studies have also suggested, however, that greater endocrine reactivity is associated with more rapid memory decline with aging (156), whereas reduced neuroendocrine reactivity as a result of neonatal handling results in slower cognitive loss with aging (157) . Similar findings, linking increased cortisol exposure with declines in memory, suggest similar patterns of association in human populations (158, 159) . Future research must extend the range of pathophysiologic outcomes that are examined in relation to neuroendocrine and other types of physiologic reactivity and regulation. This research should incorporate measures of possible factors (such as social environment characteristics) that may help to explain individual differences in patterns of neuroendocrine reactivity and regulation.
Our review of existing literature has indicated that in trying to understand the possible links between the social environment and individuals' internal patterns of neuroendocrine regulation, our focus should include not only qualitative aspects of the social environment, such as the supportive and nonsupportive aspects of social relationships, but should also consider the possible influence of more structural features such as relative social status or social ordering. The study by Brandtstadter et al. (124) is provocative as its finding of higher morning cortisols in the higher SES individuals seems to run somewhat counter to the prevailing idea that higher levels of cortisol reflect "stress" and are associated with more negative pathophysiologic outcomes (20) whereas social status is generally found to be associated with more positive health outcomes (108, 109) . However, it will be important to examine more dynamic measures of cortisol activity (rather than a single, time-specific measure as in the Brandtstadter et al. study) to clarify the relationships between the social environment and the dynamics of neuroendocrine regulation and the consequences of these relationships for health. Clearly, the question of possible effects of social status represents an important area for additional research in light of the consistent evidence for such effects among other species such as rodents and nonhuman primates which, like human, are "social" animals.
Much remains to be specified regarding relationships between social environment characteristics and neuroendocrine regulation and how any such relationships ultimately influence patterns of morbidity and mortality. However, available evidence does support the conclusion that the positive and supportive aspects of social relationships can attenuate patterns of neuroendocrine reactivity and this apparent link between the social and biological realms may have important positive consequences for health and longevity. 
